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(57) ABSTRACT

A wheel hub motor for driving a motor vehicle is provided.
Aging of the rolling element bearings used to support the
rotor is prevented, while at the same time minimizing the
emission of electromagnetic waves, in that the wheel hub
motor includes a—rotor,—a hub (1), —a wheel bearing
having a first bearing ring (2) which is non-rotatably and
electrically conductively connected to the hub (1), and a
second bearing ring (3) which is non-rotatably and electri-
cally conductively connected to the rotor, and—a contact
element (4) for creating an electrically conductive connec-
tion between said bearing rings (2, 3), the contact element
(4) being supported against the hub (1) via a spring (6) and
has a pressure contact with a potential equalization element
(5) that is non-rotatably and electrically conductively con-
nected to the second bearing ring (3).

11 Claims, 3 Drawing Sheets
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1
WHEEL HUB MOTOR WITH POTENTIAL
EQUALIZATION

The present invention relates to a wheel hub motor for
driving a motor vehicle.

BACKGROUND

In electrically driven vehicles, in particular, it is known to
dispose the traction motor directly in the wheel to be driven.
The rotor of the electric traction motor may be connected
directly to the rim of the wheel. Such a concept is known
from DE102006040223 A1 and is referred to as direct drive.
An alternative design is described in EP1382476B1, where
the electric motor acts via a transmission on the wheel to be
driven.

In either case, the drive must comply with electromag-
netic compatibility (EMC) regulations. However, the elec-
tromagnetic fields generated by the stator may induce volt-
ages in the rotor, which may cause a current to flow from the
rotor via the rotor shaft toward ground via the rolling
element bearings. In particular at high rotational speeds, the
rolling element bearings disposed between the bearing rings
lose mechanical contact with the bearing rings, so that the
rolling elements are spaced by a lubricant film from at least
one of the bearing rings. However, the electrically insulating
lubricant is of limited dielectric strength. If the induced
electric voltage results in partial discharges in the lubricant
or causes a dielectric breakdown, then radiation is emitted
which may not be acceptable under EMC aspects. Moreover,
such a breakdown may result in contact erosion on bearing
rings and rolling elements, resulting in premature aging of
said components.

German Patent Application DE102010022320A1
describes a wheel hub motor for driving a motor vehicle
having the features set forth in the preamble of claim 1.
Here, bearing currents and the emission of electromagnetic
waves are reduced by providing an electrically conductive
connection between the rotor and the stator of the electric
machine via a contact element.

SUMMARY OF THE INVENTION

It is an object of the present invention to minimize in a
wheel hub drive the aging of the rolling element bearings
used to support the rotor and to prevent emission of elec-
tromagnetic waves, while providing a particularly cost-
effective solution.

The present invention provides a wheel hub motor. Such
a wheel hub motor for driving a motor vehicle includes:

a rotor

a hub

a wheel bearing having a first bearing ring which is

non-rotatably and electrically conductively connected
to the hub, and a second bearing ring which is non-
rotatably and electrically conductively connected to the
rotor, and

a contact element for creating an electrically conductive

connection between said bearing rings,
with the contact element being supported against the hub via
a spring and having a pressure contact with a potential
equalization element that is non-rotatably and electrically
conductively connected to the second bearing ring.

Advantageous specific embodiments of the present inven-
tion will become apparent from the dependent claims.

The present invention provides a significant structural
improvement over the  design  described in
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DE102010022320A1. The present invention is based on the
realization that the design complexity of the wheel hub
drive, and thus the required manufacturing costs, can be
significantly reduced if the rotating portion of the wheel hub
drive can be formed by secondary shaping or deep drawing.
This manufacturing advantage is obtained because the con-
tact element that electrically conductively connects the two
bearing rings of the wheel bearing, and thereby prevents the
formation of bearing currents which would deteriorate the
lubricant, is supported against the hub by the spring. As used
here and throughout this document, the term “hub” is
understood to mean any element for mounting a wheel on a
shaft, an axle, or a trunnion.

In accordance with the present invention, the spring
presses the contact element against the potential equalization
element, which is in connection with the rotating portion of
the wheel hub motor, In an advantageous refinement of the
present invention, the potential equalization element is con-
figured as a covering cap for the wheel bearing and only has
to serve as a counter-face for pressure contact. It can be
made as a simple deep-drawn part without requiring any
machining. Since the stationary portion of the wheel bear-
ing, in particular the hub, must be machined anyway, the
manufacturing effort is here not increased in comparison
with the design described DE102010022320A1.

Moreover, by integrating the spring-loaded contact ele-
ment into the stationary portion of the wheel bearing; i.e.,
the hub, an advantage is obtained in terms of visual appear-
ance, since the potential equalization element which, in
particular, is in the form of a covering cap can thereby be
made visually more appealing. In addition, contact can be
provided in a neutral manner in terms of space requirements.

In an advantageous embodiment of the present invention,
the contact element is captively connected to the hub. This
prevents the contact element from falling out even when the
wheel bearing is open.

In another advantageous embodiment of the present
invention, the hub includes a blind hole in which the contact
element is mounted. The spring that presses the contact
element against the potential equalization element is
attached to the bottom of the blind hole. The blind hole may
be formed by various machining techniques including, for
example, turning, milling and drilling.

In an advantageous embodiment of the present invention,
the blind hole has an opening which is located opposite the
bottom and has a diameter selected such that the contact
element is captively held in the blind hole, thereby providing
a particularly simple way of preventing the contact element
from falling out when the wheel bearing is open. The
aforesaid diameter of the entrance opening of the blind hole
may be obtained, in particular, by annular staking, point
staking or crimping.

In another advantageous embodiment of the present
invention, the contact element has an approximately punc-
tiform contact with the potential equalization element, said
contact point being located on the axis of rotation of the
rotor. This structural feature makes it possible to minimize
the friction caused by the potential equalization according to
the present invention.

Low-friction contact surfaces capable of providing a
reliable electrical contact are obtained in an advantageous
embodiment where the contact element has a convex-shaped
contact surface which creates the aforesaid pressure contact
with the potential equalization element.
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In particular, it is possible and advantageous to configure
the contact element as a ball. This ball can be very easily
supported by a coil spring against the bottom of a blind hole
in the hub.

In order to reduce wear and prevent contamination of the
lubricant of the rolling element bearing, one embodiment of
the present invention provides for the potential equalization
element to include a hardened plate with which the contact
element creates the aforesaid pressure contact.

A motor vehicle having a wheel hub motor according to
one of the previously described exemplary embodiments
enables completely novel vehicle concepts by omission of
the central drive motor, which usually occupies the front
motor compartment of a motor vehicle. It is useful to
provide each of the four wheels with a separate wheel hub
motor. This also enables easy implementation of a wheel-
selective drive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be further illustrated and
described with reference to the exemplary embodiments
shown in the drawings, in which:

FIG. 1 shows a first embodiment of a bearing unit for a
wheel hub motor;

FIG. 2 shows a second embodiment of a bearing unit for
a wheel hub motor;

FIG. 3 shows a third embodiment of a bearing unit for a
wheel hub motor;

FIG. 4 shows a fourth embodiment of a bearing unit for
a wheel hub motor; and

FIG. 5 shows a fifth embodiment of a bearing unit for a
wheel hub motor.

DETAILED DESCRIPTION

Like or functionally equivalent parts are identified by the
same reference numerals in all figures.

FIG. I illustrates a first embodiment of a bearing unit for
a wheel hub motor according to the present invention. The
elements shown can be roughly divided into two classes.
Firstly, there are elements that are mechanically non-rotat-
ably coupled to the rotor of the wheel hub motor and
therefore themselves rotate during operation. Secondly, the
bearing unit shown contains elements that are mechanically
non-rotatably coupled to the stator of the electric machine
and therefore are stationary from a rotational point of view.

The wheel bearing unit includes, as a stationary element,
a hub 1 on which is disposed a first bearing ring 2 of a
double-row rolling element bearing. In the embodiment
shown, first bearing ring 2 is an inner ring which is non-
rotatably connected to hub 1 and therefore, like the hub, is
stationary from a rotational point of view. The double-row
rolling element bearing further includes a second bearing
ring 3, which is in the form of an outer ring and is electrically
and mechanically connected to the rotor of the wheel hub
motor.

Furthermore, the bearing unit shown includes a contact
element 4 and a potential equalization element 5. Contact
element 4 is supported by a preloaded spring 6 against the
bottom of a blind hole formed in hub 1 and extending in the
axial direction thereof. Contact element 4 is configured as a
ball and is in electrically conductive connection with hub 1,
and thus with the stator of the wheel hub motor. The ball is
prevented from falling out by annular staking in the region
of the opening of the blind hole and is thereby captively
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connected to hub 1. The preloaded spring presses the ball in
a direction toward the opening of the blind hole.

Potential equalization element 5 is here in the form of a
covering cap of the wheel bearing and, when in the mounted
state, bears against the ball, and thus against the force of the
spring, creating a pressure contact between the covering cap
and the ball. Since the covering cap is in connection with the
outer bearing ring, which in turn is electrically conductively
connected to the rotor of the electric machine, an electrically
conductive connection is created between the rotor and hub
1 at the point of pressure contact between the covering cap
and the ball. If, during operation, the stator induces a voltage
in the rotor of the wheel hub motor, then any resulting
currents can drain through potential equalization element 5
and contact element 4 to hub 1, and thus to the housing of
the electric machine. Without the aforesaid connection
between the stationary and rotating portions, current flow
would be through the rolling element bearing, and thus
through the lubricant thereof. However, the path through the
rolling element bearings is electrically short-circuited by the
covering cap and the ball, thereby preventing the lubricant
from aging and improving the electromagnetic compatibility
of the assembly.

FIG. 2 illustrates a second embodiment of a bearing unit
for a wheel hub motor. This embodiment differs from that
shown in FIG. 1 in the configuration of the blind hole. In the
embodiment shown here, the blind hole takes the form of a
bore drilled into an end face of hub 1.

FIG. 3 illustrates a third embodiment of a bearing unit for
a wheel hub motor. Potential equalization element 5 is here
in the form of a covering cap of the wheel bearing, which has
a concave-shaped curvature in the region of contact with the
ball. This provides for improved osculation between the ball
surface and the covering cap and increases the size of the
contact ellipse.

FIG. 4 illustrates a fourth embodiment of a bearing unit
for a wheel hub motor. This embodiment features a hardened
plate 7 within the covering cap. Hardened plate 7 is posi-
tioned in the region of the pressure contact created by the
ball-shaped contact element 4 and potential equalization
element 5. The hardening of the covering cap in the region
of the pressure contact reduces the wear of the covering cap
and counteracts contamination of the rolling element bearing
grease or oil.

FIG. 5 illustrates a fifth embodiment of a bearing unit for
a wheel hub motor. The embodiment shown in FIG. 5 differs
from the preceding embodiments in the configuration of
contact element 4. Here, contact element 4 is approximately
mushroom-shaped, with a convex-shaped surface of contact
element 4 facing toward potential equalization element 5.
Contact element 4 is disposed within a through-hole of hub
1. At the end of hub 1 axially opposite the potential
equalization element 5, contact element 4 is fixed by a wire
that is passed through the through-hole. Thus, contact ele-
ment 4 can be prevented from falling out even without
annular staking, point staking or crimping.

LIST OF REFERENCE NUMERALS

1 hub

2 first bearing ring

3 second bearing ring

4 contact element

5 potential equalization element
6 spring

7 hardened plate
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What is claimed is:

1. A wheel hub motor for driving a motor vehicle com-
prising:

a rotor;

a hub;

a wheel bearing having a first bearing ring non-rotatably

and electrically conductively connected to the hub, and
a second bearing ring non-rotatably and electrically
conductively connected to the rotor, and

a contact element for creating an electrically conductive

connection between the first and second bearing rings,
wherein the contact element is supported against the hub
via a spring and has a pressure contact with a potential
equalization element non-rotatably and electrically
conductively connected to the second bearing ring.

2. The wheel hub motor as recited in claim 1 wherein the
contact element is captively connected to the hub.

3. The wheel hub motor as recited in claim 1 wherein the
hub includes a blind hole, the contact element being
mounted in the blind hole, and wherein the spring pressing
the contact element against the potential equalization ele-
ment is attached to the bottom of the blind hole.

4. The wheel hub motor as recited in claim 3 wherein the
blind hole has an opening located opposite the bottom and
has a diameter selected such that the contact element is
captively held in the blind hole.

5. The wheel hub motor as recited in claim 1 wherein the
contact element has an approximatively punctiform contact
with the potential equalization element, the contact point
being located on the axis of rotation of the rotor.
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6. The wheel hub motor as recited in claim 1 wherein the
contact element has a convex-shaped contact surface creat-
ing the pressure contact with the potential equalization
element.

7. The wheel hub motor as recited in claim 6 wherein the
contact element is configured as a ball.

8. The wheel hub motor as recited in claim 1 wherein the
potential equalization element is configured as a covering
cap for the wheel bearing.

9. The wheel hub motor as recited in claim 1 wherein the
potential equalization element includes a hardened plate, the
contact element creating the pressure contact with the hard-
ened plate.

10. A motor vehicle comprising the wheel hub motor as
recited in claim 1.

11. A wheel hub motor for driving a motor vehicle
comprising:

a rotor;

a hub;

a wheel bearing having a first bearing ring non-rotatably

and electrically conductively connected to the hub, and
a second bearing ring non-rotatably and electrically
conductively connected to the rotor, and
a contact element for creating an electrically conductive
connection between the first and second bearing rings,

wherein the contact element is supported continuously
during operation against the hub via a spring and has a
pressure contact with a potential equalization element
non-rotatably and electrically conductively connected
to the second bearing ring.

#* #* #* #* #*



